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Stability,  drag,  and  opening  characteristics 
of  solid  cloth  parachutes  change  with  altitude.  Similar 
changes  can  be  observed  at  a  given  altitude  when  the 
air  permeability  or  porosity  of  the  cloth  is  being  varied. 

In  this  study  it  is  shown  that  the  porosity  of  a  given  cloth 
changes  effectively  with  the  density  and  the  compressibility 
of  the  air.  The  effective  porosity  Is  related  to  Reynolds 
and  Mach  numbers  and  it  was  found  that  tha  flow  of  air 
through  the  cloth  is  in  general  turbulent  but  may  approach 
under  certain  circumstances  a  laminar  flow  character. 

Tables  and  graphs  showing  the  effective  porosity 
of  four  common  types  of  parachute  cloth  and  of  one  type 
of  a  Perlon  screen  with  45$  geometric  porosity,  as  wall 
as  equations  and  coefficients  which  permit  under  certain 
simplifying  assumptions  thw  calculation  cf  the  effective 
porosity  are  presented. 
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A 

area 

M 

Mach  number 

P, 

P 

pressure 

T 

temperature 

i 

ratio  of  specific  heat  at  constant  pressure 
to  specific  heat  at  constant  temperature 

A 

coefficient  of  viscosity 

P 

density 

Subscripts 

( 

^cr 

signifies  state  at  which  M  »  1 

( 

)thr 

signifies  throat  location 

( 

)o 

signifies  sea  level  condition 

< 

1 

M 

signifies  conditions  upstream  of  parachute  cloth 

( 

h 

s^jnifies  conditions  downstream  of  parachute 
cloth 

( 

l 

signifies  free  stream  conditions 

\  t 

Additional  symbols,  when  used,  are  defined  In  the  text. 
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Attempts  have  been  made  to  explain  the  increase 
of  the  opening  shock  as  a  consequence  of  the  decrease  of 
the  apparent  mass  and  the  mass  of  air  included  in  the  para.- 
chute  canopy  with  the  air  density  (Ref  3).  The  variation 
of  the  stability  behavior  of  a  parachute  way  in  part  also 
be  attributed  to  the  effect  of  the  apparent  and  included 
masses  because  the  motion  of  a  freely  descending  parachute 
Is  a  problem  of  dynamic  stability  in  which  the  air  masses 
are  significant  terms  (Ref  4). 


If  the  parachute  cloth  is  considered  to  be  a  screen 
through  which,  during  the  use  of  the  parachute,  a  certain 
amount  of  air  passes,  one  may  assume  that  the  air  permeability 
or  porosity  of  this  screen  depends  on  the  Reynold©  and  Mach 
number  of  the  flow  conditions.  Therefore,  the  observed 
changes  in  parachute  drag  and  stability  may  be  caused  bp 
Reynolds  and  Mach  number  effects,  characteristic  for  the 
flow  of  air  through  the  porous  cloth.  Furthermore,  exper¬ 
iments  have  shown  (Ref  5/  that  the  apparent  mass  of  para¬ 
chutes  also  depends  on  the  porosity  of  the  canopy  material. 
Therefore,  the  opening  shock  and  the  dynamic  stability 
characteristics  of  a  parachute  are  probably  also  affected 
by  the  variation  of  the  cloth  porosity. 

Since  the  opening  shock  imposes  the  maximum  stress 
upon  all  parts  of  the  parachute,  a  reliable  prediction  of 
the  parachute  safety  factor  under  various  operational  con¬ 
ditions  also  depends  on  the  knowledge  of  the  cloth  porosity 
for  the  given  circumstances. 

In  view  of  these  circumstances ,  the  opening  shock, 
the  stability  behavior,  the  rate  of  descent  and  the  strength 
of  parachutes  can  be  predicted  more  reliably  If  the  porosity 
characteristics  of  the  cloth  are  satisfactorily  known,  and 
the  air  resistance  or  the  porosity  of  the  parachute  material 
as  a  function  of  Mach  and  Reynolds  numbers  may  actually  be 
the  most  fundamental  parameter  in  the  technology  of  parachutes . 

Therefore,  the  mechanics  of  the  flow  through  the 
cloth  is  investigated  in  the  first  part  of  the  following 
study,  whereas  tables  and  graphs  covering  a  wide  range  of 
pressure  and  density  are  presented  in  the  latter  portion. 

These  porosity -pressure -density  data  may  be  used  for  direct 
application  in  parachute  performance  calculations. 
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Another  way  of  presenting  the  porosity  character¬ 
istics  Is  the  derivation  of  a  drag  coefficient  as  a  function 
of  the  differential  pressure  or  Reynolds  nuaber  as,  for 
example,  shown  In  Ref  7. 


However,  for  parachute  filling  time  and  opening 
shock  calculations,  one  has  to  solve  a  mass  balance  equation 
in  which  one  cor, pares  the  volume  of  air  flowing  into  the 
canopy  with  the  air  which  escapes  through  the  porous  canopy 
material  (Ref  8).  This  process  has  lead  to  the  establishment 
of  a  dimensionless  term  which  is  the  ratio  of  the  average 
velocity,  U,  through  the  porous  surface  to  a  conveniently 
defined  free  stream  velocity,  V,  The  fictitious  velocity, 

V,  is  derived  from  the  assumption  that  the  pressure  dif¬ 
ferential  across  the  cloth  equals  the  dynamic  pressure  of 
this  velocity.  In  this  concept,  the  free  stream  density, 
or  the  density  on  the  downstream  st.de  of  the  cloth  Is  used 
for  the  computation  of  the  fictitious  free  stream  velocity, 

V.  Figure  2  shows  schematically  the  cloth  as  &  grid,  the 
free  stream  velocity,  V,  the  pressure  differential,  &p, 
and  the  average  velocity  through  the  cloth  called  V.  The 
ratio  U/V  is  identified  as  effective  porosity?  the  nominal 
porosities  presented  in  Fig  1  are  converted  to  effective 
porosities  and  shown  in  Fig  3. 


Looking  at  the  cloth  as  a  porous  screen  leads  to 
the  idea  of  considering  the  volumetric  flow  through  the 
cloth  as  a  function  of  the  openings  or  orifices  and  the 
air  resistance  of  the  individual  threads,  which  possibly 
could  be  considered  as  circular  cylinders,  and  a  number  of 
attempts  have  been  made  to  compute  tins  air  resistance  of 
a  woven  sheet  In  this  manner  (Refs  9,  10,  11,  and  12). 
However,  microscopic  pictures  (Fig  4;  of  four  frequently 
used  materials  indicate  that  the  assumption  of  a  simple- 
cloth  geometry  may  be  an  oversimplification  and  the  results 
of  a  purely  analytical  treatment  In  the  indicated  fashion 
would  probably  neglect  several  significant  characteristics. 
Therefore,  it  was  decided  to  measure  the  actual  flow  rate 
through  the  cloth  and  the  results  of  these  experiments  will 
be  reviewed  in  the  following. 
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NOMINAL  POROSITY-  FT?FT-M!N 


FIG  1.  NOMINAL  POROSITY  OF  PARACHUTE 

MATERIAL  VERSUS  DIFFERENTIAL  PRESSURE 


Figure  1  indicates  that  the  flow  rate  through 
the  cloth  increases  with  the  differential  pressure.  One 
icay  assume  that  this  relationship  will  exist  in  somewhat 
mono tonic  manner.  Influenced  by  a  Reynolds  number  effect, 
until  the  critical  pressure  differential  is  reached  at 
which  the  velocity  through  the  orifice  reaches  the  speed 
of  sound.  A  further  increase  of  the  differential  pressure 
will  then  not  further  Increase  the  air  velocity,  but  a 
so-called  choking  effect  will  occur.  Therefore,  it  appears 
to  be  advisable  to  study  the  flow  in  both  the  incompressible 
and  compressible  flow  regimes  and  to  interpret  the  results 
in  view  of  the  classical  aspects  of  Reynolds  and  Each  numbers, 

A  further  objective  of  this  study  is  the  derivation 
of  a  relatively  simple  relationship  between  effective  porosity 
and  air  density,  because  this  may  help  to  explain  the  increase 
of  opening  shock  and  the  change  of  the  stability  behavior 
with  altitude. 

Considering  first  incompressible  flow,  one  cay 
assume  that  the  air  flows  through  the  fine  orifices  of  a 
relatively  thick  cloth  somewhat  like  through  a  short  tube 
and  that  the  flow  is  neither  completely  laminar  nor  all 
turbulent.  Therefore,  an  analysis  of  the  two  border  cases 
seems  to  be  in  order. 

For  fully  developed  laminar  flow,  Ragen-Poiseuille »s 
law  provides  the  following  relationship: 

A  _  13C/0  LQ  ,,  > 

Ap  -  — (ij 

in  which  L  -  length  of  the  tube 

D  »  diameter  of  the  tube. 

With  Q  **  U/f  D2/4,  the  average  velocity  in  the  tube  Is 

p2 

W  “  "jg/Zh  & p>  (2) 

and  the  effective  porosity  may  be  written 


W  D2 

7  “ 


and  specifically  for  sea  level  density 


Cft  » 
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fP0AP 
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For  the  fir  at  approximation  one  ray  set  /4n  ®/t 
and  with  p/p0  «  o,  the  effective  porosity  for  any  altitude 
but  for  the  sane  differential  pressure  is 

C  «  C0(T^  (4) 

A  similar  analysis  nay  be  made,  for  the  assumption 
of  fully  developed  turbulent  flow.  With  the  Biasing  formula 
(Ref  13) 


(5) 


(6) 


(7) 


Using  V  «  (2&p/p)£  and  the  subscript  zero  for  sea  level 
density,  the  effective  porosity  C  may  be  written 


With  >d0  “A-  *  ahd  for  the  same  differential  pressure,  one 
obtains  for  fully  developed  turbulent  flow 

1/14 

C  -  C0  a  (9) 


The  assumption  of  both  laminar  and  turbulent  flow 
in  the  region  of  incompressibility  leads  to  a  relationship  of 
the  form 

C  -  C0<xn,  (10) 

'  ... 

and  it  is  now  one  of  the  objectives  of  this  study  to  establish 
experimentally  the  value  of  the  exponent  "nH  for  various 
types  of  parachute  material  from  which  one  also  may  conclude 
if  we  have  laminar,  mixed  or  turbulent  flow. 

<&ce  the  differential  pressure  is  high  enough  to 
establish  sonic  flow,  the  effective  porosity  of  the  cloth 
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will  decline  with  increasing  pressure.  Therefore,  tea idea 
the  density  ratio,  a,  the  pressure  ratio  &p/ &pCT  shall 
be  introduced  as  a  basic  parameter. 

In  view  of  the  methods  used  in  the  performance 
calculations,  the  experimental  study  will  contain  the 
velocity  U  In  terms  of  the  volumetric  flow  on  the  upstream 
or  high  pressure  side  of  the  cloth. 


III.  MEASUREMENT  AKD  ANALYSIS 


In  accordance  with  the  preceding  analysis,  th% 
effective  porosity  of  one  wire  screen  and  four  textile*.  J 
materials  frequently  used  for  parachutes  were  measured  by 
means  of  the  apparatus  shown  in  Pig  5.  The  experiments 
were  made  over  a  density  range  of  c  between  0.1  and  1.0 
and  a  pressure  ratio  of  Ap/Apcr.  between  0.05  and  2.0. 

The  cloth  and  wire  samples  were  bonded  to  a  ring  with  a  two 
inch  internal  diameter  and  then  placed  in  the  test  section 
of  the  apparatus.  The  permanent  bonding  was  chosen  in  order 
to  avoid  slippage  with  the  associated  uncertain  effective 
cloth  area.  The  density  ratio,  o,  is  defined  as  the  ratio 
of  the  density  on  the  downstream  side  cf  the  porous  screen 
and  the  standard  sea  level  density.  The  wire  screen  has 
been  incorporated  because  one  may  suspect  that  the  textile 
screens  change  their  geometry  with  the  pressure  loading 
and  therefore  their  observed  porosity  may  reflect  not  only 
Reynolds  and  Mach  number  effects,  but  also  consequences 
of  the  elasticity  of  the  cloth.  The  wire  screen  would  not 
have  any  elasticity  effects.  In  the  course  of  the  investi¬ 
gation  other  wire  screens  were  measured .  The  results  of 
these  measurements  are  shown  later.  These  tests  did  not 
serve  the  purpose  of  basic  analysis  but  represent  merely 
quantitative  information. 

The  flow  rate  in  the  apparatus  shown  in  Pig  5 
was  determined  by  means  of  calibrated  orifice  plates  or, 
when  the  flow  rate  was  very  small,  direct  indicating  flow¬ 
meters  were  used.  Both  arrangements  are  illustrated  in 
Pig  5.  When  the  orifice  method  was  used,  the  flow  rate 
was  obtained  in  a  process  described  In  the  A.S.M.S.  Power 
Test  Code  PTC  195;4-1959.  Xn  particular,  size  and  form 
of  the  orifice  plates,  the  arrangement  of  the  pressure 
tape  and  the  evaluation  of  the  data  points  is  in  accordance 
with  Fig  1,  Chapter  4,  and  other  Instructions  given  in  said 
document. 
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Figures  6  through  10  and  Tables  1  through  4*  show 
the  results  of  these  measurements •  It  can  be  seen  that  the 
porosity  characteristics  of  the  cloth  and  those  of  the  wire 
screen  are  principally  Identical,  arid  it  may  bo  concluded 
that  the  moat  significant  characteristics  of  the  recorded 
effective  porosities  are  consequences  of  aerodynamic  phen¬ 
omena  and  not  caused  by  structural  deformations. 

It  is  evident  that  the  effective  porosity  of  the 
wire  and  cloth  screens  decreases  with  decreasing  air  density. 
Since  for  a  constant  pressure  ratio,  the  density  Is  the 
prime  variable  of  the  governing  Reynolds  number,  it  can 
be  concluded  that  the  effective  porosity  of  the  screen 
is  a  function  of  the  Reynolds  number. 


The  slope  of  the  effective  porosity  curves  versus 
the  differential  pressure  is  In  all  cases  positive  up  to 
a  certain  pressure  ratio  and  then  becomes  negative.  This 
seems  to  indicate  that  the  air  insistence  of  the  cloth 
decreases  as  the  Reynolds  number  increases  until  compres¬ 
sibility  effects  become  more  Influential;  choking  of  the 
flow  occurs  when  sonic  speed  in  the  cloth  orifices  is 
reached. 


Analyzing  the  limited  number  of  experimental 
results  first  in  view  of  Reynolds  number  effects  one  may 
remember  the  postulation  that  the  effective  porosity  pos¬ 
sibly  can  be  presented  as  an  exponential  function  on  the 
.basis  of  the  density  ratio.  Therefore,  the  results  shown 
in  Fig3  6  through  10  were  rearranged  in  accordance  with . 

Eqn  10  and  presented  in  this  form  in  Flg3  11  through  14. 

Originally  the  relationship  between  effective 
porosity  and  density  wa3  derived  on  the  basis  of  identical 
pressure  differential  Ap.  However,  in  the  following 
treatment,  the  pressure  ratio,  Ap/Apcr  was  used  which 
is  also  the  parameter  in  the  Figs  11  through  14.  If  the 
postulated  relationships  for  laminar  and  turbulent  flew  are 
expressed  In  terms  of  &p/Apcr  and  for  Apcr  **  0.89  ?2j  and 
also  the  equation  of  state  is  used,  one  obtains  respectively 
for  laminar  and  turbulent  flow  relationships 

C  *  C0o  (11) 

and 

V  ■'  .  • 

C  «  CqC1/7  .  (12) 


*  Only  a  limited  number  of  test  results  have  been  used.  More 
complete  tables  will  be  found  in  Section  V  of  this  report. 
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TABLE  1 

EFFECTIVE  POROSITY  OF  MIL-C  -7020B,  TYPE  1, 40  lb /in 
NYLON  CLOTH 

ALL  FONTS  ARE  A/ERA3E  CF  SEVERAL  EXFERMENTAL  \ALUES 
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Reviewing  the  results  shown  In  Pigs  11  through 
14,  one  observes  that  the  results  of  many  experiments  seem 
to  follow  Eqn  12  almost  perfectly  which  would  Indicate 
fully  developed  turbulent  flow.  The  minimum  pressure  at 
which  this  occurs  varies  with  the  thickness  and  the  type 
of  weave  of  the  cloth. 


All  cloths  under  investigation  indicate  an  exponent 
larger  than  1/7  for  relatively  small  density  and  low  pressure 
ratios.  In  particular,  the  lightest  and  thinnest  cloth 
with  a  tensile  strength  of  40  lb  per  inch  approaches  for 
very  low  density  and  smaller  differential  pressures  the 
relationship  shown  in  Eqn  11.  This  indicates  that  for  this 
type  of  cloth  and  under  these  flow  conditions,  the  flow 
through  this  cloth  is  nearly  laminar. 


In  general,  the  experiments  confirm  the  original 
assumption  that  the  effective  porosity  of  these  porous 
cloth3  is  a  function  of  the  Reynolds  number.  The  practical 
aspect  of  these  experiments  is  the  fact  that  for  the  same 
differential  pressure  or  for  the  same  pressure  ratio,  the 
effective  porosity  of  the  woven  cloth  decreases  with  de¬ 
creasing  density. 

The  exponent  in  Eqn  10  signifies  the  character 
of  the  flow  through  the  cloth  orifices,  and  for  further 
analysis  it  appears  to  be  useful  to  plot  the  density  exponent 
"n",  versus  the  Reynolds  number  of  the  related  flow  condition. 


A  meaningful  Reynolds  number  can  be  established 
for  a  rectangular  stream  tube  which  approaches  the  cloth 
from  the  free  stream  and  which  then  passes  through  the 
orifice  of  the  cloth.  The  width  of  this  stream  tube  before 
passing  through  the  orifice  is  the  characteristic  length, 

L,  and  can  be  found  from  the  number  of  threads  per  unit 
length  of  the  cloth. 


In  view  of  the  definition  of  the  effective  porosity, 
the  Reynolds  number  of  the  stream  tube  is 


LCVpx 


(13) 


Since  all  density  references  In  this  study  are  made  in 
relationship  to  the  downstream  conditions,  one  may  introduce 

P1  t2 

Pi  "  p2 


Experimentally  it  was  found 
P2\l  +  0.89Ap/Apcr)  and  P2 


that  Ti 

*  Po<*, 


s  T2  and  with  Pq  * 
the  upstream  density 
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to 


arch 


px  *  f-0c(l  +  O.89&P/A3P  r), 


By  definition 


V  «s 


2  Ap 


f'2 


(2(P1  -  p2)R72\ 
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r2 
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(1‘78&W“  KT25 


(15) 


Again,  with  T-j  »  T2,  and  combining  Eqns  13#  14,  and  15#  the 
Reynolds  number  ef^the  stream  tube  amounts  to 


The  Reynolds  numbers  of  the  experiments,  derived 
in  accordance  with  Eqn  16,  are  now  combined  with  the  density 
exponents  of  Figs  11  through  Ik  as  shown  in  Figs  15  through 
18.  It  can  be  seen  that  all  four  fabrics  apparently  have 
fully  developed  turbulent  flow  at  Reynolds  numbers  larger 
than  200.  Hie  region  of  transition  is  obviously  between 
Reynolds  numbers  of  100  and  200.  The  lightest  and  thinnest 
cloth  approaches  laminar  flow  at  a  Reynolds  number  of  approx i 
mately  10  whereas  the  heavier  materials  indicate  a  mixed 
flow  for  the  same  Reynolds  number.  The  thickest  and  heaviest 
cloth,  300  lb  per  inch  tensile  strength,  has  apparently  the 
highest  degree  of  turbulence  and  the  lowest  Reynolds  number 
at  which  transition  to  full  turbulence  occurs. 
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FIG  15  DENSITY  EXPONENT  VERSUS  REYNOLDS  NO.  FOR  MIL-C-7020' 
TYPE!,  40  Ibt/EN  NYLON  CLOTH 
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IV.  CALCULATION  OF  THE  EFFECTIVE  P0R0S1T7 


In  view  of  the  surprising  regularities  between 
effective  porosity  and  Reynolds  and  Hach  numbers,  one  is 
Indeed  tempted  to  calculate  the  flow  of  air  through  the 
'cloth  by  a  somewhat  conventional  method. 


Utilising  again  the  stream  tube  concept,  one 
.orifice  in  the  cloth  may  be  considered  to  be  a  nozzle  with 
a  particular  discharge  coefficient.  For  mechanical  nozzles, 
such  discharge  coefficients  are  known,  as  for  example,  in 
Ref  14,  from  which  Fig  19  is  taken. 

With  the  energy  equation,  continuity  condition, 
and  adiabatic  expansion  one  has  for  the  flow  velocity  in 
a  jet  the  equation  {Ref  15): 


in  which  A2/A1  represents  the  contraction  ratio  of  the 
stream  tube. 


Microscopic  pictures  show  that  the  contraction 
ratio  A2/A1  is  in  the  order  of  0.07*  and  since  >  Pg* 
Eqn  17  can  be  simplified  to: 
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(17a) 


Introducing  the  equation  of  state  and  rearranging  Eqn  17a 
provides :  » 

if-  1  if-  1  * 

X 


(18) 


If  the  critical  pressure  ratio  between  the  two 
sides  of  the  cloth  is  reached,  P2/P1  *  0«528,  sonic  velocity 
exists  in  the  orifices  or  in  the  throat  of  the  assumed 
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These  equations  can  now  be  written  In  tew  of 
&p/  &Pcr  and  one  obtains  for 


Pi 

*s 


0.893 


+  1 


which  allows  one  to  write  Eqns  22  and  23  In  the  following 
form: 
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The  equations  above,  combined  with  the  Reynolds 
number  from  Eqn  16  and  the  discharge  coefficient  from  Pig  19 
provide  now  a  certain  basis  to  calculate  the  effective  porosity 
under  a  number  of  idealizing  assumptions.  These  assumptions 
are  a  certain  regularity  of  the  cloth  porosity,  the  knowledge 
of  the  actual  geometric  porosity  of  the  cloth, and  the  identity 
of  the  discharge  coefficients  of  the  cloth  orifices  and  a 
mechanical  nozzle.  Of  course,  these  conditions  are  not  exactly 
fulfilled.  Furthermore,  the  flow  through  the  cloth  under  the 
condition  of  very  small  Reynolds  numbers  may  fall  in  the  slip 
and  transitional  flow  regime  connected  with  a  drastic  change 
of  specific  air  resistance.  These  effects  are  not  considered 
In  the  present  analysis. 

Figure  20  is  a  comparison  of  experimental  and 
calculated  results.  The  results  fit  well  enough  to  allow 
the  statement,  that  the  presented  treatment  of  cloth  porosity 
appears  to  come  close  to  the  actual  mechanics  of  the  flow 
phenomena.  Appreciable  deviations  occur  where  one  would 
suspect  a  Knudsen  number  Influence,  the  study  of  which, 
however,  is  beyond  the  scope  of  this  Investigation.  ! 
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FIG  20.  C  COMPUTED  FROM  THE  ISENTROPIC  FLOW  EQUATION  AND 
EMPIRICAL  DISCHARGE  COEFFICIENT ;  AND  EXPERIMENTAL 
VALUES  OF  C  FOR  90  Ib/in  CLOTH 


V.  EXPERIMENTAL  RESULTS  FOR  PARACHUTE 
PERFORMANCE  CALCULATIONS 


The  principal  objective  in  the  preceding  analysis 
was  the  study  of  the  mechanics  of  the  flow  through  the 
woven  textile  screens.  For  parachute  performance  calcu¬ 
lations  some  directly  applicable  values  are  probably  most 
welcome.  Therefore,  an  independent  series  of  experiments 
were  conducted  in  which  numerous  cloth  samples  were  examined 
and  reliable  average  values  established.  The  results  of 
these  tests  are  presented  in  Figs  21  through  26  and  Tables 
5  through  10. 

It  can  be  seen  that  the  experiments  were  extended 
i  .to  the  regimes  of  very  low  pressure  and  density  ratios 
which  occur  during  parachute  operations  at  relatively  low 
speed  and  at  low  as  well  as  at  high  altitudes.  Including 
the  conditions  of  steady  state  descent. 

Furthermore,  a  very  porous  Perlon  screen  has  been 
incorporated,  which  is  used  for  the  fabrication  of  a  particular 
type  of  supersonic  parachute.  Also  a  number  of  wire  screens 
were  investigated.  The  respective  results  are  shown  in  the 
Appendix.  The  measurements  of  these  screens  may  not  have  a 
direct  bearing  on  a  study  of  screen  porosities  in  view  of 
parachute  technology,  hut  they  may  be  considered  to  be  related 
data. 


All  investigated  samples  show  the  principal  porosity 
characteristics  as  discussed  in  the  preceding  paragraphs, 
and  these  additional  tests  may  be  considered  as  a  further 
proof  of  the  general  conclusions  derived  in  the  preceding 
flow  analysis. 


VI.  SUMMARY 


The  investigation  ha3  shown  that  the  effective 
porosity  of  woven  sheets  can  be  calculated  in  the  right 
order  of  magnitude,  and  that  its  characteristics  follow 
the  general  aerodynamic  principles  related  to  Reynolds  and 
Mach  numbers.  In  particular  the  investigation  has  shown 
that  under  otherwise  similar  circumstances,  the  effective 
porosity  decreases  with  the  air  density,  which  explains  at 
least  in  part  the  variation  of  the  parachute  performance 
characteristics  with  altitude. 
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TABLE  6 

EFFECTIVE  POROSITY  OF  90  b/h  NYLON  CLOTH  MI 


TABLE  7 

EFFECTIVE  PORCQTY  OF  200  ta/h  NYLON  CLOTH  ML- 
C-8021A,  TYPE  I.  AT  VARIOUS  PRESSURE  AND  DENSITY 


TABLE  8 

EFFECTIVE  FORC6ITY  OF  300fc>/h  NYLON  CLOm.MIL- 
C-8021A,  TYPE  I.  AT  VARIOUS  PRESSURE  AND  DENSITY 


TABLE  9 

EFFECTIVE  POROSITY  OF  30x40 
WIRE  MESH  AT  VARIOUS  PRESSUF 
AND  DENSITY  RATIOS 
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AP/AfJ. 

FIG  26  EFFECTIVE  POROSITY  VERSUS  PRESSURE  RATIO 
FOR  45%  GEOMETRIC  POROSITY  PERLON 
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APPENDIX 
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To  OP  AIR  FLOW  MEASUREMENT. 
VARIOUS  WIRE  SCREENS 
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Stability,  drag,  mi  opening  characteristics  of  solid  cloth  parachutes  chauga 
with  altitude.  Similar  cheats  ess  be  observed  at  a  given  altitude  by  when 
the  air  permeability  or  porosity  of  tit®  cloth  is  being  varied.  la  this  study 
it  is  ehova  that  the  porosity  of  a  given  cloth  changes  effectively  with  the 
density  and  tbs  compressibility  of  the  air.  The  effective  pwssity  i« 
related  to  Reynolds  end  Mach  mashers  m3  it  was  found  that  the  flow  of  the 
air  through  the  cloth  la  la  general  turbulent  but  may  approach  trader  certala 
ci  rcusrietar.es.®  &  lanicar  flow  character. 

Tables  and  graphs  showing  the  effective  porosity  of  four  ceases  typed  of 
parachute  cloth,  and!  of  os®  typs  of  a  perlou  screen  with  k5&  geometric  porosity, 
i  &e  well  m  equations  aad  coefficients  which  permit  under  certala  eteplifylsg 
assumptions  the  calculation  of  the  effective  porosity  arc  presented. 
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t  OKMtXAtntn  Acrtvrr^  fetw  e»  ««•  *»*  ««mm 

ef  si**  catorerrie*,  Mtoostrecfae,  pretirt!*.  Eeptottoent  ef  P-«" 
f#e»e  eeiiriiy  nr  etifawr  effahSaaiion  f eo-rlserf  i ezt.iag 
Mto  ftys»t. 

*»  wwort  *aewrnr  «2Jt*mcAT»*  e«»*  u»  •**» 

eU  »«cw>»*  cl»**if«c»tt»a  at  ft*  r*ss«S.  SeStows  wtottoe 
"8»*trtci*<  %«5a"  to  iw:!»f<n3.  Ksto&y  ;*  to  fcs  to  «c»^- 
toss?  with  ayjNyyelete  eecaar'.y  rsrr.^  aU'rit. 

la  GSCASV*,  AiffirxwsSJe  rfowdsjerijag;  t*  *^*eSf«aJ  i»  ©tsfl  De- 
reetie*  53C0.11  tui  Ante)}  Pore**  frs&ayfrSsS  Sit*-!®**..  Erst** 

Bn  ftr-ass?  osssstoy.  A!**,  wins  •pptteatrte,  •!«**  Out  eptl&tol 
esatoierga  -t  »«*  e*  ef  f«  CW 3  e-ad  Ctfisap  4  M  asjSxrr- 
t a*ri. 

A  REPORT  TOl*  fetor  »*•  ««*??*»*  fwjwrt  ISO*  to  «fl 
e«8ris*I  tottor*.  TiCtt*  la  ttl  «#M«  «Smri<  to  metaM&toA 
If  *  awantagfal  (W*  oeetod  fes  w!«el*4  «•'.{!»«*  eU*sffic». 
tieft  *K®*r  title  c.l***ifi<cisSi<sa  to  all  cs^Slaiil is  pKWtlMtoS* 
inaxe&etrtf  Mtowtag  ti*  Ulk 

4  BtscsuFTtvg  «nsa  u  #s>9r«>Ha*«.  «m«wr  a*tni«t 

rarest.  *.%>,  istortor,,  progra*-*,  *tf*s>®Ty,  e«  fuwj. 

Give  tfM  iacfsaelve  <J*H«  *tor*  *  *p«!fis  mmttoC  pf’xr*  to 
caver  »& 

S.  ALT »KJ>  fetor  tto  e»«s<*>  e#  «AtoKe}  «*  etomi  »» 

K  to  (to  r*y«t.  !»a»  ihffiws,  freer  Burn*,  MfcSdto  SaKiiA, 

If  KilHator  *tow  rea*  *»4  tosrxSs  ef  synrice.  Tbs  turns  of 
tire  prtoripol  *osJm»  to  tsst  «bMtoto  »ieiwso»  MrjBiswswift 

4  RCPORT  BATES  fester  tto  4kS»  cf  si5»  report  «*  &ty, 
m»at%  ftar,  m  witfe.  >*«.  If  ware  Stow  *iw  (toto  fipjw an 
ea  tto  report,  we*  rfito  <sf  psJsclcaS^s. 

?«.  TOTAL,  avasssd  C?  PASSSt  Tt«  5»®a®  aw*! 
atoxito  fvUow  «5«wS  p«s,f»s>foa  psss«;!s4*a,»a*,  i.fc,  atieE  tis« 
»««*«  of  eaeaaiitie®  tofcfcsitteiv 

t&.  mvmsa  07  E»r£R'S*cga  k&j«  t^«  tct«i  *# 

n  f«r*tt£«a  c»*4  to  t'to  ttf-tii. 

e«.  CS«STRACT  <S*  OK  AST  !R3®t3fc  Jf  s@p«¥»tos*,  r<s«r 
tSw  *j>?4fc*&te  aaisljw  ef  ttw  C0B*r*«t  or  £jsal  «tssS«?  efetofc 
()•>  tos&sjl  «n  nfiltoto 

8&,  fc.  «>  fcfe  PROJECT  KTtffijm  E*a®»  «to 
Militant  htestiSc<ak>a  Met)  «*  srojiset  sato), 

•aSfwject  ma&m,  rasailr®!*.  tasfe  tBrSE&®f,  toe. 

#«.  OSJC-3SATCS"*  REPTsST  »5«SKe(^  fctl«  tl«  efft- 
etot  sss&o*  bp  •sSis'A  Ew  4octsws«to  wil!  to  IitototfSof 
•to  car*r«S!®<  fcf  Uto  «iito»Sis^  actatrfiy.  Thi#  KatsSsar  onto 
Im>  eto^ae  to  tfrto  toptot. 

9&.  ory;j2R  xrrasrt  wsestm®*  ti  «s®  m«««  it*»  waa 
e*si®Rito  twsp  ns«t  sasGfesr*  f by  lh»  ori^totoar 
tor  6/  the  a!«e  «aiw  t&3a  rae;L:r<s>. 

ta.  A7Aa.Ass.rrr/LmrATKiN  tecnhEa  e**»  t»y  :s»- 

Uatieeh  on  (tarttotr  Ai*»cK3>**.’.**  ef  m  rsjwrt,  etSssa  &i»  tSstot 


ifl?sw*®<5  if  Ma;«irl*S  cf4s»£3etofeto,'  •*fc'sa  AMdM  etotuMtto* 

each  •« 

(I)  "^Oealifttof  «s<to**fto*  *s»y  totebt  ce^to^  ef  true 
tepatr  towv  filO'* 

(2>  "jpeioltta  *«sie«aeee4oito  «3si  ^®n'sKs?a«titoss  ef  (j:Me 
try  r  ;.®;  i®  ».t  ewttori*»A" 

**W,  A  fewetts**?*  ejisMwrie*  Bay  e/to’e  ctofltoi  *t 
«Svt»  teg«tt  tEtpoclf'P  fast  BSiCi  Otis*  tfsefifwKf  &5G 
eeete  ehtoS  totgseto 


"If.  A  ntiibRT  H-wse<>«  *s*y  »«»*»  rw^irsa  t?i  sfes* 
htort  AtoteOf  fc«  BSC.  Oi%»  fnliM  tar* 
toustl  t*?a«ef  ttonfii 


f$J  “Alt  ««rtM»«s  if  <W»  MpM  1#  eettomUtoi.  <Jb«I* 
IC«4  B®C  esMsr*  o&tol  tersest  d'.r.vwjti 


If  the  toptM*  fce*  been  faraitheA  tn  the  OSBee  af  TeeAtocto 
•totoeeto.  ttopetoeeto  ef  CeanawM.  fee  »*}*  t«  K-.®  pmSslks,  Utfb 
Ctoe  tStla  fact  e**l  eaier  the  j  rice,  if  keeetto 

u.  tOPPUSStatfiMy  WTH&  V*e  tn 
tory  netee. 

ti  «*o»90f«m3  aEtffAar  Acrmrr:  &*«&•*««•-•# 

K«*  4^*r?aW!S!:jtl  ipwjee*  cfScs  er  ffttaitorsey  ^•*es»ri»5  fees* 
thA  tori  iK*  rasaar's'.i»  «4  Awefeyswat.  toetsto*  wSAeotk 

13.  ASS/flfACT  fetor  tot  ebtontet  s?ete«  •  Met  *a4  fse-feat 
toBSeatry  ef  she  Awacwtii  ies§k-.*si'»*  ef  the  nrjMiet,  tmt  f’wsijjs 
if  ng  else  cfttMt  elMtotiem  to  fit*  tofr  ef  (to  tot&aiee!  »-  ; 

Jew.  If  «./±tio«e!  »j»e*  to  toqai»4.  e  eenstisoaUoo  *!k»  t  toteS  '■ 
to  «tt*afe*<f. 

It  to  AseifflM*  Ctot  th«  eSwtrwt*  ef  efet*aifi*4  rejswts 

t»  waeiasu: ’■»;».  EesS  saj®gs«t!S!  e*  she  Metnurt  ttoit  with' 
*a  fewilcatieo  ef  tf  o  niEisry  eeaurssy  ctoaeifieesie*  ef  tiw  a-  i 
formation  to  Use  perte.'ais.  topeesthsteiS  **  ITS),  IS).  (S).  »r  n>) 

Tto.e  to  aa  Un:is:ton  ee  ft*  tessgsSt  ef  jfw  etotract.  Htna- 
•w.  (be  *>*,*.*••»’.*<!  UagfS  to  &oo  159  H  225  »orei». 

14  CET  V&3£r$i  Key  *-esA»  err*  tocfraiteSIp  weaetogfe*  teras* 
or  eSato  ptowstr*  tfcsS  s-wtoeteiSe*  »  tofttrt  t®^  to  •„'««••.£•  k* 
i*4**  a»f*ias  for  ceSalegto®  ft*  wytort.  Key  «««}«  Mst&t  fe* 
•eioettd  «»  ftat  so  eecarsty  ctoessficvticc  is  t*jsrt»£.  lifostS- 
C**».  toXft  e»  e^sipssee!  E*faS  4E3tgfc»t3<w.  ftsdf  «*ssta,  torttuoy) 
ttofoet  e«5e  make,  jee^esjftUr  leestten,  msj  to  es*4  ft  ley 
tronto  t»3  hill  to  &SSe»*if  by  ee  ladiestioe  of  ts-c&nsceS  esffl- 
tot  »•  bUtStfmeot  eS  Uuta.  trier.  eeuS  weight*  to  «yti«tal. 


